Abstract -
Introduction
Peer assessment is an assessment of a student's work by other students of the same class [1] [2] [3] [4] [5] . It is commonly used in institutions of higher education whereby each class has a large number of students, as it is difficult for the instructor to closely monitor each student's efforts in a given task [1] [2] . Besides that, peer assessment provides an opportunity for students to learn from their peers [2] .
Generally, there are two types of peer assessment; i.e., (1) involving students in a class to assess other students' work; (2) involving students to assess the contribution/performance of other students within the same group [6] [7] . The use of these two types of peer assessment can be further classified into two: either formative or summative [6] [7] . The goals of formative assessment are to monitor students' learning capabilities, gather their ongoing feedbacks and improve their learning experience [6] . On the other hand, summative assessment evaluates students' learning capabilities at the end of an instructional unit [6] . Typically, the use of peer assessment in either formative or summative form is decided by an instructor [6] . In this paper, we focus on summative assessment.
Many peer assessment methods are available in the literature [1] [2] [3] [4] [8] [9] [10] [11] . Traditionally, numerical grading scores are used in a way that is equivalent to psychological measurement [12] . As an example, a numerical grading scale (e.g., 1 to 5) for group members' assessment was developed in [3] , whereby "1" was awarded for "didn't contribute", "2" for "willing but not successful", "3" for "average", " 4 " for "above average", and " 5 " for "outstanding" [3] . Even through the use of numerals in peer assessment is popular, it suffer from problems associated with psychological measurement in terms of the meaning of the numerals used (see [12] for a study on the theoretical relationship between measurement and marking).
The use of techniques related to fuzzy sets in education assessment has been widely investigated lately [2] [13] [14] [15] [16] [17] . Fuzzy set is an efficient and effective method to represent uncertainties [13] . Comparing with methods based on numerical grading scores [1] [3] [4] , fuzzy sets [2] [13] [14] [15] [16] [17] provide an alternative to linguistic evaluation in which "fuzzy" words, instead of numerals, are used during the assessment procedure.
Motivated by the success of fuzzy sets in education assessment [2] [13] [14] [15] [16] [17] , the aim of this paper is to examine the effectiveness of perceptual computing (Per-C) [18] [19] [20] [21] [22] in peer assessment. While Per-C has been applied to decision making problems [18] [19] [20] [21] [22] , its use in peer assessment is still new. Per-C is chosen for this study owing to its ability to handle subjectivity, vagueness, imprecision, and uncertainty while achieving tractability and robustness in modelling human decision-making behaviours [18] [19] [20] [21] [22] . Comparing with type-1 fuzzy models [2] [13] [14] [15] [16] [17] , Per-C adopts interval type-2 fuzzy sets (IT2FSs) in tackling a decision making problem. Comparing with type-1 fuzzy sets, IT2FSs are able to provide more flexibility in preserving and processing uncertainties in decision-making tasks [18] .
The general structure of Per-C is depicted in Figure 1 . It consists of three components [18] [19] [20] [21] , i.e., an encoder, a computing-with-words (CWW) engine, and a decoder. Linguistic perceptions or words from human operators are converted into IT2FSs through the encoder. The CWW engine aggregates the outputs from the encoder. Finally, the decoder maps the output of the CWW engine into a recommendation which can be in the form of word, rank, or class. Figure 1 . The structure of Per-C [18] This paper is organized as follows. In Section 2, a review of related works is presented. In Section 3, peer assessment is formulated formally as a decision making problem. In Section 4, the use of Per-C in solving the decision making problem is demonstrated. In Section 5, a simulation study is conducted to demonstrate the usefulness of the proposed Per-C method. Concluding remarks and suggestions for future works are presented in Section 6.
Literature review

Fuzzy-based techniques in education assessment
A number of fuzzy-based techniques [2] [13] [14] [15] [16] [17] have been introduced to accommodate educational assessment. Two popular paradigms related to fuzzy sets are fuzzy inference system (FIS) and fuzzy multi-criteria decision making (MCDM) model. On one hand, FIS is adopted as an alternative to simple addition or weighted addition in which knowledge from human operators is considered. An FIS model was used for constrained qualitative assessment [14] . FIS was also used for English proficiency assessment [15] and laboratory project assessment [16] . It is worth pointing out the importance of the monotonicity property in FIS was highlighted in [16] .
On the other hand, fuzzy MCDM models consider a set of criteria. These criteria are assessed via fuzzy ratings, e.g., fuzzy numbers and/or fuzzy linguistic terms. In [17] , a group fuzzy MCDM models for information system group project assessment was reported.
Recent trends in peer assessments
A search in the literature reveals that a number of improvements pertaining to peer assessment techniques have been reported.
Web-assisted or on-line peer assessment is popular. Comparing with conventional faceto-face assessment, on-line peer assessment is more beneficial as it provides an effective method, i.e. timely and individualized, to gather peer feedbacks [8] .
A case study of on-line peer assessment in a high school computer course was presented in [8] . Besides that, two different on-line peer assessment methods were reported to aid college students in learning biology through writing [9] and to help Taiwanese in-service science and mathematics teachers to develop research proposals in an educational research course [10] . The importance of reliability and validity of web-based portfolio peer assessment was further examined in [11] , and a case study on assessment of a computer course was reported too. On the other hand, a fuzzy peer assessment system was developed, and a case study was presented in [2] .
Applications of Per-C
Per-C has been implemented to undertake a number of fuzzy multiple criteria hierarchical decision making problems [18] [19] [20] [21] [22] . As an example, an Investment Judgment Advisor was proposed to assist individuals in investment problems [18] . A Journal Publication Judgment Advisor was also proposed to assist associate editors in handling the manuscript reviewing process [19] . A hierarchical decision making framework for evaluation of weapon systems [20] was proposed. Besides that, Per-C was used to solve a number of hierarchical group decision making problems, such as selecting a suitable location for international logistics center [21] and evaluating environmental risks [22] . It is worth noting that the use of Per-C in education assessment is new, as presented in this study.
Background and problem formulation
Background
In this paper, a problem-based learning (PBL) study pertaining to an engineering course (i.e., Multiprocessor Architecture) in Universiti Malaysia Sarawak, was considered. The goals of PBL were to improve students' problem-solving skills in groups. Students were required to focus on a task related to computing problems.
A flowchart of the group activities is shown in Figure  2 . There were 28 students, and they were divided into 7 groups. Each group was requested to design a softwarebased system for analyzing big data problems. Students were required to present and demonstrate their developed software in groups. Peer assessment was carried out with an evaluation form provided by the instructor. Figure 3 depicts an example of the process, i.e., Group #1 . The group co students, namely # , # , # , and # . S and # acted as evaluators to assess the student # . Figure 3 . Peer assessments Student # was assessed based on a the instructor, i.e., (1) preparation, ( presentation, and (4) teamwork. Each of t subject to a weight i.e., , , , and The weights were defined by the instructor assessed student # based on a set of lin explained in Section 4). As an exampl ratings from evaluator # were denoted and . The weights from evaluators # were denoted as , , and , respe study, .
Problem formulation
A Per-C-based Peer Framework
In this section, the Per-C-based tackling peer assessment problems is depi The details are as follows. 
Encoder
The encoder converts linguisti from human operators into IT2FS performed based on an existing app Approach (IA) [18] [23] . IA is a w [18] [19] [20] [21] . A codebook from [18] [2 list of words (in term of IT2FSs), i retrieved from the codebook. They with "*" in Table 1 . Each of these a synonym, and used to describe th and rating of students. As an examp [18] is mapped to "very low". Then part of the peer assessment process. classified into two groups. The firs weight of each criterion while the se of students' performance. 
CWW
In the CWW engine, the assessme evaluator are aggregated. As an example the aggregated score from evaluator # ∑ ∑ where and denote the ratings from weight for criteria , respectively. Similarl used to obtain the aggregated results for # .
In the first stage of CWW, , , an and expressed in IT2FSs. Then, , , a aggregated into a final IT2FS, i.e., , that # 's contribution in his/her group, as in Eq where , and denote weights o # and # . In this study, that Eqs. (1) and (2) 
Decoder
The roles of decoder are two aggregated outcomes (represented shown in Figure 7 ) from CWW to r of words; (2) to map the aggregated in IT2FS, i.e., ) from CWW into cr attempts to map the aggregated outc in the second group of words (i.e., associated IT2FSs of these words, satisfactory, good and excellent, ar S , G and EX , respectively, an IT2FSs are shown in Figures 6(a) The latter role of the decoder as shown in Figure 7 into a cris common methods that converts an I the Karnik-Mendel (KM) algorithm KM algorithm [18] [19] [20] [21] , the left and aggregated IT2FSs (i.e., ) are obtai and respectively. and are (5) 
and R ) are upper spectively, for and R , equally spaced in the attempts to defuzzify sp value. One of the T2FS to a crisp value is m [18] [19] [20] [21] . Using the d right centroids of the ined, and are denoted as e written as Eqs. (4) and
where is obtained iteratively using KM algorithm [18] [19] [20] [21] and denotes number of discretized points between left-and right-end of (e.g., 101). Subsequently, the centroid of is computed using Eq. (6) as follows.
(6)
A Simulation Study
A simulation study with data from a course in Universiti Malaysia Sarawak was conducted. Table 3 presents the peer assessment of student #A, from evaluators # , # and # . Column "Weight" indicates the degree of importance of each criteria. These weights are pre-defined by an instructor. The weights are high (H), medium (M), high (H) and very high (VH) for preparation, content, presentation, and teamwork, respectively. Columns # , # and # indicate the ratings from the evaluators. As an example, Student # was rated as good (G), excellent (E), good (G) and satisfactory (S) for preparation, content, presentation and teamwork, respectively, by evaluator # . 
The aggregated results for each evaluator were computed using Eq. (1). Note that , , and are presented in IT2FSs illustrated in Figures 8 (a)-(c) . Finally, the results from each evaluator i.e., , and , were aggregated into a final result by using Eq. (2). The weight of each evaluator was the same i.e., medium. The result is depicted in Figure 8(d) .
Once the aggregated outcome, i.e., , is obtained, it is mapped to a word. Using Jaccard similarity [18] Based on the above observation, the aggregated outcome i.e., , is very near to the term good as , is near to 1. A plot of and is shown in Figure 9 . It can be observed that and is close to each other. ***Noted that shaded region indicates and without shaded region indicates Figure 9 . The aggregated outcome, and good, Using the KM algorithm [18] , the crisp value obtained is 6.53. The crisp value is further plotted on the -axis with asterisk (i.e., *) in Figure 9 . With these two approaches, it can be concluded that the contribution of student # is good with a crisp score of 6.53.
Conclusions
In this paper, the use of Per-C in peer assessment with the ability to handle linguistic assessment has been proposed. It is observed that Per-C peer assessments produce recommendations in words and numerals. A case study has been conducted, and promising results have been obtained. This study contributes to a new application of Per-C in education assessment.
For future work, more case studies will be conducted. Besides that, the use of the Dempster-Shafer theory [24] with fuzzy targets for ranking will be investigated.
